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(54) Process for preparing a high strength stainless steel material having excellent workability and free from weld 
softening 

(57) A stainless steel which exhibits substantially martensitic structure at room temperature is heated at a temperature 
of 550 „to_675°C for 1 to 30 hours. A reverse-transformed austenite phase appears and a stainless steel having high 
strength and high elongation and being free from weld softening is obtained. 
The composition of the steel lies within the range: 
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Up to 4% in total of Cu, Mo, W and Co may be present with up to 1% in total of Ti, Nb, V, Zr, Al and B. The relationship 
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SPECIFICATION 

Title of the Invention 

Process for preparing a high strength stainless steel material having excellent workability and free from weld 
5 softening 5 

Field of the Invention 

This invention relates to a high strength stainless steel material having excellent workability and resistance to 
softening by welding. 

10 10 
Background of the Invention 

Conventional high strength stainless steels are roughly classified into (1 ) martensitic stainless steels, (2) 
work-hardenable austenitic stainless steels, and (3) precipttation-hardenable stainless steels. 

Martensitic stainless steels mainly comprise Fe-Cr-C system and are substantially of single austenitic phase at 
1 5 the quenching temperature (which is 900- 1 100 e C, but varies depending on the content of Cr and C), but their 1 5 
martensite start point (Ms point) is higher than the room temperature range and they are so-called 
quench-hardenable steels. 

These steels are hard and poor in workability in the quenched state or the quenched and tempered state. 
Therefore, in these steels, working such as bending, machining and cutting is carried out in the annealed state 
20 and high strength is provided by a heat-treatment such as quenching and tempering after the steel is shaped as 20 
desired. However, heat-treatment of large parts or members is difficult, and these steel materials are susceptible 
to weld cracking, and, therefore, tempering must be carried out after welding. 

When martensitic stainless steels are to be used as structural members, the above-mentioned defects must be 
compensated for. To this end, a steel in which the C content is restricted lower so that a massive martensite 
25 phase appears in the quenched state has been considered. The steel of Japanese Patent Publication No. 25 
51 -35447 (1 976) is an example of such a steel. A steel which falls within the claim of said patent publication is 
presented in No. 33 of "Ntsshin Seiko Giho (Technical Reports of Nisshin Steel Co.)" (December 1975 issue). 
The composition thereof is: C: 0.032 %, Si: 0.75%, Mn: QJ 4%,- v Ni: 4:01 %, Cr: 1 2.4%, and Ti: 0.31 %. This material 
has a tensile strength of about 108 kgf/mm 2 and an elongation of about 6%, and that is very low in weld 
30 softening. Although low weld softening a nd^Ki^h- pensile strength are desirable for a welded structural material, 30 
the steel is still unsatisfactory as a structurat^material to be worked since elongation is poor and cracking easily 
occurs even in light working. 

Work-hardenable austenitic stainless steels have the metastable austenitic phase as represented by AISI 301, 
201, 304, 202, etc., and are hardened by cold working. Mechanical properties attained by this cold working are 
35 stipulated in J!S G 4307. For instance, in 1 /2H of AISI 301 , it is specified that yield strength is not less than 77 35 
kgf/mm 2 , tensile strength is not less than 105 kgf/mm 2 and elongation is not less than 10%. That is, both tensile 
strength and elongation are specified as being high. However, the materials of this class have a defect in that 
when they undergo heat input such as welding, the heated part or weld softens. Also in some cases, chromium 
carbide deposit in the part heated by welding, and chromium-poor layers are formed and thus intergranular stress 
40 corrosion cracking occurs. 40 
Precipitation-hardenable stainless steels are classified into martensite type, ferrite type and austenite type in 
accordance with the structure of the matrix. But all of them cqntam at least one of A1 , Ti, Nb, Cu, Mo, V, etc., 
which contribute to age- hardening, and the steels are h^rjjerjed; by precipitation of intermetallic compounds 
caused by aging from the super-saturated solid-solu^ast^teFThese steels have a tensile strength of 140 - 1 90 
45 kgf/mm 2 and an elongation of 2 - 5%, depending upon the state of the matrix, contents of the elements which 45 
contribute to age-hardening, etc. 

When these steels are used for structural members, generally working and welding are effected prior to 
age-hardening. However, it is difficult to age-harden larger structural members. 

As has been described, the materials conventionally known as high strength stainless steels do not possess all 
50 of strength, workability and resistance to weld softening. 50 
The object of the present invention is to provide a novel high strength steel material free from the 
above-described defects. The object is achieved by heating a steel material of a martensitic structure, which is in 
a specific composition range and that satisfies a specific composition relationship, to cause reverse austenitic 
transformation and stabilize the thus formed reverse-transformed austenite phase. 
55 55 
Summary of the Invention 

This invention provides process for preparing a high strength stainless steel material having excellent 
workability free from weld softening consisting of a single martensitic phase or a duplex phase structure of 
martensite and minute austenite, said process comprising heat-treating at a temperature of 550 to 675'C for 1 to 
60 30 hours a hot-rolled, cold-rolled or annealed material of a steel essentially consisting of: 60 
C: not more than 0.1 0% 

Si: 0.20-4.5% •* " . 

Mn: 0.20 -5.0% ^ 
P: not more than 0.060% 

65 S: not more than 0.030% 65 
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Cr: 10.0- 17.0% 
Ni: 3.0 - 8.0% 
N: not more than 0.1 0% 
and Fe and inevitable incidental impurities, wherein the Ni oq value defined as: 
5 Nj cq = Ni + Mn + 0.5Cr + 0.3Si + 20(C + N) is in the range of 1 3.0 - 1 7.5 5 
This invention also provides processes for preparing similar steel materials using steels which contain in 
addition to the above-described components not more than 4% in total of at least one of Cu, Mo, W f and Co 
and/or not more than 1% in total of at least one of Ti F Nb, V, Zr, A1 and B, wherein the definition of Ni eq is 
modified in accordance with the composition. 
1 0 When at least one of Cu, Mo, W and Co is contained, the Ni eq value is defined as: 10 
Ni cq = Ni + Mn + 0.5Cr + 0.3Si + 20(C + N) + 

Cu + Mo + W + 0.2Co 
When at least one of Ti, Nb, V, Zr, Al and B is contained, the Ni eq value is defined as : 
Ni cq = Ni + Mn + 0.5Cr 4- 0.3Si 
1 5 When at least one of Cu, Mo, W and Co and at least one of Ti, Nb, V, Zr, Al and B are contained, the Ni eq value 1 5 
is defined as: 

Ni cq = Ni + Mn + 0.5Cr + 0,3Si + Cu + Mo + W + 0.2Co 

The steel preferably contains 0.005 - 0.08% and more preferably 0.01 0 - 0.06% C; preferably 0.25 - 4.0% and 
more preferably 0.40 - 4.00% Si; preferably 0.30 - 4.50% and more preferably 0.40 - 4.0% Mn; preferably not 

20 more than 0.040% and more preferably not more than 0.035% P; preferably not more than 0.02% and more 20 
preferably not more than 0.01 5% S; preferably 1 1 .0 - 1 6.0% and more preferably 1 2.0 - 1 5.0% Cr; preferably 
3.5-7.5% and more preferably 4 - 7.5% Ni; preferably not more than 0.07% and more preferably not more than 
0.05% N; preferably 0.5 - 3.5% and more preferably 1 .0 - 3.0% of at least one of Cu, Mo, W and Co when 
contained; and preferably 0.1 - 0.8% and more preferably 0.1 5 - 0.8% of at least one of Ti, Nb, V, Zr, Al and B 

25 when contained. 25 
The above-mentioned steel for the process of the present invention exhibits substantially martensitic structure 
in any of the hot-rolled state, cold-rolled state and annealed state, as a result of adjusting the composition so 
that the Ni eq value as defined above is in the above-defined range. 

This invention is based on the inventors' finding that the above-mentioned steel, as hot-rolled, as cold-rolled 

30 or as cold-rolled and annealed, undergoes reverse austenitic transformation and stabilized by heat-treating the 30 
steel at a temperature of 550 - 675°C for 1-30 hours. The mechanism involved and reason for it are not yet well 
understood, but it has been confirmed that this reverse austenitic transformation occurs with reproducibility. 
Modification of the properties of stainless steel of martensitic structure by such a treatment has never been 
attempted before. 

35 The steel material of the present invention exhibits a strength level of about 1 00 kgf/mm 2 and an elongation of 35 
about 20%, and does not suffer from weld softening. 

The reason why the composition of the steel is defined in the claim in the present invention is as follows: 
C: C is an austenite former, and effective for formation of austenite phase at high temperatures, and is also 
effective for strengthening the reverse transformed austenite phase and martensite phase after the heat treatment. 
40 However, a larger amount of C impairs elongation, and deteriorates corrosion resistance of the weld. Therefore, it 40 
is limited to 0.10%. 

N: Like C, N is an austenite former, effective for formation of the austenite phase at high temperatures, and 

also hardens the reverse transformed austenite phase, and is therefore, effective for strengthening the steel. 

However, a larger amount of N deteriorates elongation. Therefore, N is limited to 0.1%. 
45 Si: Si is effective for strengthening the reverse transformed austenite after the heat treatment and is effective 45 

for broadening the allowable temperature range for heat treatment. For this purpose, at least 0.2% Si is required. 

However, a large amount of Si promotes solidification cracking when the steel is solidified or welded. Therefore, 

the upper limit of the Si content is defined as 4.5%. 

Mn: Mn is an austenite former and necessary for adjustment of the Ms point. For this purpose, at least 0.2% 
50 Mn is required. But a larger amount of Mn causes troubles in the course of steelmaking and therefore its upper 50 

limit is defined as 5%. 

Cr: Cr is a fundamental component for providing the steel with corrosion resistance. However, with less than 
10%, no effect can be expected, while more than 17% of Cr requires a larger amount of austenite former elements 
in order to produce a single austenite phase at high temperatures. The upper limit of Cr is defined as 1 7% so that 
55 the desired structure is obtained when the steel is brought to room temperature. 55 
Ni: Ni is an austenite former, and is necessary for obtaining a single austenite phase at high temperatures and 
adjustment of the Ms point. The Ni content depends on the contents of the other elements. At least about 3% of 
Ni is required for obtaining a single austenite phase at high temperatures and adjustment of the Ms point Even if 
the contents of the other elements are reduced, more than 8% of Ni does not give the desired structure. 
60 P: P is an inevitable impurity element incidental to principal and auxiliary raw materials. P makes steels brittle 60 
and therefore it is limited to 0.060% at the highest. 

S: S is also an inevitable impurity element incidental to principal and auxiliary raw materials in steelmriking. S 
also makes steels brittle and therefore it is limited to 0.030% at the highest. 

Cu: Cu is inherently effective for improving corrosion resistance. In the present invention Cu is effective for 
65 lowering the Ms point. However, if it is contained in an amount in excess of about 4%, workability at high 65 



3 



GB 2 179 675 A 



3 



temperature is impaired. Therefore, its content is limited to 4%. 

Mo: Mo improves corrosion resistance and is effective for strengthening the reverse transformed austenite and 
lowering the Ms point. However, Mo is an expensive element and its content is limited to 4% in consideration of 
the cost of the steel. 

5 W: W is effective for improving corrosion resistance and strength of the steel, and is also effective for lowering 5 
the Ms point. However, the upper limit is defined as 4%, since it raises the cost of the steel if it is contained in a 
larger amount. 

Co: Co has a high austenitizing effect at the high temperature range, and lowers the Ms point. (Although this 
element has high austenitizing effect, it does not lower the Ms point excessively.) Co is very effective for 
10 adjustment of composition in a high Cr content system. But the upper limit on the content thereof is defined as 10 
4%, since it raises the cost of the steel if it is contained in a larger amount. 

The last four elements mentioned above improve corrosion resistance and are effective for adjusting the 
martensite-forming ability of the steel in relation with the other components. They are equivalent in this sense. 

Ti; Ti is a carbide-former and effective for preventing formation of Cr-poor layers caused by deposition of the 
1 5 carbide in welding and inhibition of grain growth of the reverse transformed austenite phase. However, if this is 1 5 
contained in a large amount, it may cause surface defects and may form a larger amount of scum in welding. 
Therefore, the Ti content is limited to 1%. 

Nb: Nb is effective for preventing formation of Cr-poor layers caused by precipitation of Cr carbide in welding 
and inhibition of grain growth of the reverse transformed austenite phase. If it is contained in a larger amount, 
20 however, it promotes solidification cracking when cast or welded, and also impairs ductility of the steel material. 20 
Therefore its content is limited to 1%. 

V: V is effective for preventing formation of Cr-poor layers and inhibition of grain growth of the reverse 
transformed austenite. If it is contained in a larger amount, however, it impairs ductility of the steel. Therefore, its 
content is limited to 1%. 

25 Zr: Zr is effective for preventing formation of Cr-poor layers caused by deposition of carbide in welding and 25 

inhibition of grain growth of the reverse transformed austenite phase. If it is contained in a larger amount. 

however, oxide type non-metallic inclusions are formed in casting and welding, and the surface properties and 

ductility of the steel are impaired. Therefore, its content is limited to 1 %. 

Al: Al has a remarkable effect for fixing N in the molten steel and inhibiting grain growth of the reverse 
30 transformed austenite phase. If it is contained in a larger amount, it impairs flow of the molten metal in welding 30 

and thus makes the welding operation difficult. Therefore, the Al content is limited to 1%. 

B: B is effective for inhibition of grain growth of the reverse transformed austenite and improvement of hot 

workability of the steel. If it is contained in a larger amount, however, it impairs ductility of the steel. Therefore, 

its content is limited to 1%. 

35 The last six elements mentioned above are carbide formers, and remarkably effective in inhibiting grain growth 35 
of the reverse transformed austenite. In this sense, these six elements are equivalent. 

The reason for defining the nickel equivalent (Ni cq ) as defined in the claims is as follows. In the steel used for 
the present invention, the temperature at which the martensite transformation is finished must be around room 
temperature (150- — 10°C). The steel used in the process of the present invention is of single austenite phase in 

40 the temperature range to which the steel is exposed during hot rolling, annealing or welding. But the steel must 40 
be substantially transformed into the martensite structure when the steel is brought down to room temperature 
from the above-mentioned condition. Here the term "substantially" means that a small amount (approximately 
25%) of austenite may be retained. The amount of such remaining austenite need not be strictly considered. 
In the steel used in the present invention, various elements are alloyed. We have found that insofar as the 

45 composition of the steel falls within the above-described composition range and that the nickel equivalent (Ni eq ) 45 
thereof as defined above is in the above-described range, the steel is of substantially martensite structure at room 
temperature and the object of the invention as described in the beginning of this specification is achieved. 

That is to say, even though the composition is within the above-defined range, if the nickel equivalent is less 
than 1 3, the Ms point is too high and the desired high elongation cannot be obtained even if the steel is 

50 heat-treated as defined above. If the nickel equivalent is greater than 1 7.5, the steel softens at the weld when it 50 
is welded, and thus the desired high strength members cannot be obtained. Needless to say, the formula for Ni eq 
was defined by considering the degree of contribution of each element to the austenite-martensite 
transformation and thus determining each coefficient as the equivalent of the Ni amount in comparison with the 
degree of the contribution of Ni. Ti and the five elements that follow are neutral with respect to the 

55 above-described property, and that cancel the austenite-forming ability of C and N. Therefore, in the steels 55 
which contain these elements, these elements and C and N are not taken into consideration. 

The reason for defining the heat treatment conditions as defined in the present invention is as follows: 
The steels which are of the martensite structure (massive martensite) in the annealed state have around 100 
kgf/mm 2 of tensile strength. But as their elongation is about 6% at the utmost, it cannot be said that they have 

60 satisfactory workability. When the steels are kept at a temperature in a range of 550 - 675°C for 1-30 hours so 60 
that part of martensite is reverse-transformed to austenite, the thus formed austenite is more or less stable as a 
structure, not all thereof returns to martensite in the cooling that follows, and may remain as austenite. At any 
rate, this heat-treatment confer high ductility to the steel without remarkably lowering strength (yield strength). 
At temperatures lower than 550X, the heat treatment does not effectively bring about this ductility, and at 

65 temperatures higher than 675°C, yield strength as well as ductility are impaired. 65 
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The time of the heat treatment is suitably selected by taking the size of the material to be treated into 
consideration. A heat treatment over 30 hours is disadvantageous since it raises the cost of the steel. 

The steel material of the present invention is suitable for manufacturing structural parts and members as well as 
steei belt. The steel material possesses high strength, high ductility and does not suffer weld softening. 
5 Now the invention will be explained specifically by way of working examples with reference to the attached 5 
drawings. 

Brief Explanation of the Attached Drawings 

Figure 7 is a flow chart illustrating preparation of samples in the present invention, and Figure 2 is a diagram 
10 showing the softening at the weld in samples of the present invention and comparative examples. 10 

Description of Specific Embodiments of the Invention 

Sample steel heats were prepared using a vacuum high frequency furnace of 30 kg capacity by the usual 
process, and cast into ingots 110 x 110 mm at the bottom plane, 1 20 x 1 20 mm at the top plane and 290 mm 

1 5 in height. The ingots were forged into plates 35 mm in thickness and 1 55 mm in width at 1 250°C, and the plates 1 5 
were machined into plates measuring 30 mm x 1 50 mm. The plates were heated at 1 250°C in a soaking pit and 
thereafter hot-rolled to 6 mm of thickness. A portion thereof was tested as hot-rolled samples (a), and the other 
portion was annealed at 1030°C for 10 minutes, pickled and cold-rolled into sheet of 1 mm thickness (83% 
reduction), a portion thereof was tested as cold-rolled sample (b). The remaining portion was cold rolled to 2 

20 mm thick sheets and further cold-rolled after intermediate annealing to 1 mm thick sheets (50% reduction) and a 20 
portion thereof was tested as 50% reduction cold-rolled sheet samples (c). The remaining portion was further 
annealed at 1030°C for 1.5 minutes and pickled. These were tested as annealed samples (d). Procedures of 
preparing samples are illustrated in Figure 1 . 
The compositions of the samples of this invention and the comparative samples are indicated in Table 1 . 

25 Sample Nos. 1-32 are steels used in the process of this invention and Nos. A - F are steels of comparative 25 
examples. The compositions of these samples are within the defined composition range, but the nickel equivalent 
Ni cq of Samples A - D are less than 1 3 and those of Samples E - F is greater than 1 7.5. 

Mechanical property tests were carried out using test pieces No. 5 and No. 13B stipulated in JIS Z 2201. 
The amount of martensite was measured using a vibrating sample magnetometer. 

30 Mechanical properties and the amount of martensite of the samples are summarized in Table 2. In Table 2, 30 
"Conventional Process" means that the heat treatment in accordance with this invention was not carried, out. 

According to Table 2, the steels which were not heat-treated in accordance with the present invention and 
exhibit a substantially massive martensite structure in the annealed state have high level strength such as yield 
strengths of 73 - 1 26 kgf/mm 2 and tensile strengths of 94 - 1 35 kgf/mm 2 , but their elongation is at the utmost 

35 7.0%. This is remarkably low in comparison with Sample E and F, which are 20% cold-rolled sheets. Even among 35 
the samples which underwent the heat treatment of the present invention, those of the comparative steels have 
only 8.5% elongation at the highest, though even this is some improvement. The samples of the present 
invention exhibit generally remarkable improvement in elongation while retaining yield strength, although some 
samples suffer slight decrease in yield strength. 

40 The mechanical properties and the amounts of martensite when annealed samples (d) were heat-treated under 40 
various conditions are shown in Table 3. "Comparative Process" in Table 3 means examples in which samples 
were heat-treated at temperatures in excess of the heat treatment temperature range of the present invention. 
From Table 3, it is learned that there is a criticality around the upper limit heat treatment temperature of 675°C. 
The welding test was carried out by laying a bead on 1 mm thick plates by TIG welding with 50 A electric 

45 current at a rate of 400 mm/min. The results are shown in Figure 2. Figure 2 shows hardness distribution profile 45 
from the center of beads. Sample 1 9 and 25, which are samples of the present invention, were heat-treated at 
600°C for 20 hours. Comparative Sample E and F are 20% cold-rolled sheets. As seen in this figure, the samples 
of the present invention obviously do not exhibit softening at the weld. 
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CLAIMS 

1 . Process for preparing a high strength stainless steel material having excellent workability free from weld 
softening consisting of a single martensitic phase or a duplex phase structure of martensite and minute austenite, 

5 said process comprising heat-treating at a temperature of 550 to 675°C for 1 to 30 hours a hot-rolled, cold-rolled 5 
or annealed material of a steel essentially consisting of: 
C: not more than 0.10% 
Si: 0.20-4.5% 
Mn: 0.20 - 5.0% 

1 0 P: not more than 0.060% 1 0 

S: not more than 0.030% 
Cr: 10.0-17.0% 
Ni: 3.0 - 8.0% 
N: not more than 0.1 0% 

15 and Fe and inevitable incidental impurities, wherein the Ni eq Value defined as: Ni eq = Ni + Mn + 0.5Cr + 15 
0.3Si + 20(C + N) is in the range of 1 3.0 - 1 7.5. 

2. The process for preparing a high strength steel material as set forth in Claim 1 , wherein the steel essentially 
consists of: 

C: 0.005 - 0.08% 

20 Si: 0.25 -4.0% 20 
Mn: 0.30 -4.5% 
P: not more than 0.04% 
S: not more than 0.02% 
Cr: 1 1 .0 - 1 6.0% 

25 Ni: 3.5 -7.5% 25 
N: not more than 0.07% 
and Fe and inevitable incidental impurities. 

3. The process for preparing a high strength steel material as set forth in Claim 2, wherein the steel essentially 
consists of: 

30 C: 0.007 - 0.06% 30 
Si: 0.40 - 4.0% 
Mn: 0.40 -4.0% 
P: not more than 0.035% 
S: not more than 0.01 5% 

35 Cr: 1 2.0 - 1 5.0% 35 
Ni: 4.0 -7.5% 
N: not more than 0.05% 
and Fe and inevitable incidental impurities. 

4. Process for preparing a high strength stainless steel material having excellent workability and free from 

40 weld softening consisting of a single martensitic phase or a duplex phase structure of martensite and minute 40 
austenite, said process comprising heat-treating at a temperature of 550 to 675°C for 1 to 30 hours a hot-rolled, 
cold-rolled or annealed material of a steel essentially consisting of: 
C: not more than 0.1 0% 
Si: 0.2-4.5% 

45 Mn: 0.2 -5.0% 45 
P: not more than 0.060% 
S: not more than 0.030% 
Cr: 1 0.0 - 1 7.0% 
Ni: 3.0-8.0% 

50 N: not more than 0.1 0% 50 
At least one of Cu, Mo, W and Co: not more than 4% in total and Fe and inevitable incidental impurities, 
wherein the Ni cq value defined as: 

Ni eq = Ni + Mn + 0.5Cr + 0.3Si + 20(C + N) 
+ Cu + Mo + W + 0.2Co 

55 is in the range of 1 3.0 - 17.5. 55 

5. The process for preparing a high strength stainless steel material as set forth in Claim 4, wherein the steel 
essentially consists of: 

C: 0.005 - 0.08% 
Si: 0.25 - 4.0% 

60 Mn: 0.30 -4.5% 60 
P: not more than 0.04% 
S: not more than 0.020% 
Cr: 1 1 .0 - 1 6.0% 
Ni: 3.5 -7.5% 

65 N: not more than 0.07% 65 
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At least one of Cu, Mo, W and Co: 0.5 - 3.5% in total 
and Fe and inevitable incidental impurities. 

6. The process for preparing a high strength stainless steel material as set forth in Claim 5, wherein the steel 
essentially consists of: 

5 C: 0.007 - 0.06% 5 
Si: 0.40 -4.0% 
Mn: 0.40 -4.0% 
P: not more than 0.035% 
S: not more than 0.01 5% 

10 Cr: 12.0-15.0% 10 
Ni: 4.0-7.5% 
N: not more than 0.05% 

At least one of Cu, Mo, Wand Co: 1 .0 - 3.0% in total 
and Fe and inevitable incidental impurities. 
15 7. Process for preparing a high strength stainless steel material having excellent workability and free from 1 5 

weld softening consisting of a single martensitic phase or a duplex phase structure of martensite and minute 
austenite, said process comprising heat-treating at a temperature of 550 to 675°C for 1 to 30 hours a hot-rolled, 
cold-rolled or annealed material of a steel essentially consisting of: 
C: not more than 0.1 0% 

20 Si: 0.2 - 4.5% 20 
Mn: 0.2-5.0% 
P: not more than 0.060% 
S: not more than 0.030% 
Cr: 1 0.0 - 1 7.0% 

25 Ni: 3.0 -8.0% 25 
N: not more than 0.10% 

At least one of Ti, Nb, V, Zr, Al and B: not more than 1% in total and Fe and inevitable incidental impurities, 
wherein the Ni eq value defined as: 

Ni cq = Ni + Mn + 0.5Cr + 0.3Si is in the range of 1 3.0 - 1 7.5. 
30 8. The process for preparing a high strength stainless steel material as set forth in Claim 7, wherein the steel 30 
essentially consists of: 

C: 0.005 - 0.08% 

Si: 0.25 - 4.0% 

Mn: 0.30-4.5% 

35 P: not more than 0.04% 35 
S: not more than 0.02% 
Cr: 1 1 .0 - 1 6.0% 
Ni: 3.5 -7.5% 
N: not more than 0.07% 

40 At least one of Ti, Nb, V, Zr, Al and B: 0.1 - 0,8% in total and Fe and inevitable incidental impurities. 40 

9. The process for preparing a high strength stainless stee! material as set forth in Claim 8, wherein the steel 
essentially consists of: 

C: 0.007 - 0.06% 
Si: 0.40 - 4.0% 

45 Mn: 0.40 -4.0% 45 
P: not more than 0.035% 
S: not more than 0.01 5% 
Cr: 1 2.0 - 1 5.0% 
Ni: 4.0 -7.5% 

50 N: not more than 0.05% 50 
At least one of Ti, Nb, V, Zr, At and B: 0.1 5 - 0.8% in total and Fe and inevitable incidental impurities. 

10. Process for preparing a high strength stainless steel material having excellent workability and free from 
weld softening consisting of a single martensitic phase or a duplex phase structure of martensite and minute 
austenite, said process comprising heat-treating at a temperature of 550 to 675°C for 1 to 30 hours a hot -rolled, 

55 cold-rolled or annealed material of a steel essentially consists of: 55 
C: not more than 0.1 0% 
Si: 0.20 - 4.5% 
Mn: 0.20 - 5.0% 
P: not more than 0.060% 

60 S: not more than 0.030% 60 

Cr: 1 0.0 - 1 7.0% 

Ni: 3.0 -8.0% 
- N: not more than 0.10% 

At least one of Cu, Mo, W and Co: not more than 4% in total 
65 At least one of Ti, Nb, V, Zr, Al and B; not more than 1 % in total and Fe and inevitable incidental impurities. 65 
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wherein the Ni eq value defined as: 

Ni eq = Ni + Mn + O.bCr + 0.3Si + Cu -f Mo + W + 0.2Co is in the range of 1 3.0 - 1 7.5. 

1 1 . The process for preparing a high strength stainless steel material as set forth in Claim 10, wherein the 
steel essentially consists of: 

5 C: 0.005 - 0.08% 5 
Si: 0.25 - 4.0% 
Mn: 0.30-4.5% 
P: not more than 0.040% 
S: not more than 0.020% 

10 Cr: 1 1 .0 - 1 6.0% 10 
Ni: 3.5 - 7.5% 
N: not more than 0.07% 

At least one of Cu, Mo, W and Co: 0.5 - 3.5% in total 

At least one of Ti, Nb, V, Zr, Al and B: 0.1 - 0.8% in total and Fe and inevitable incidental impurities. 
15 12. The process for preparing a high strength stainless steel material as set forth in Claim 1 1 , wherein the 1 5 

steel essentially consists of: 
C: 0.007 - 0.06% 
Si; 0.40-4.0% 
Mn: 0.40 - 4.0% 

20 P: not more than 0.035% 20 
S: not more than 0.01 5% 
Cr: 1 2.0 - 1 5.0% 
Ni: 4.0 - 7.5% 
N: not more than 0.05% 

25 At least one of Cu, Mo, W and Co: 1 .0 - 3.0% in total 25 
At least one of Ti, Nb, V, Zr, Al and B: 0.1 5 - 0.8% in total and Fe and inevitable incidental impurities. 
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